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Abstract 
Snow cover duration and thickness affects the permafrost thermal state, the depth and timing of seasonal 
soil freeze/thaw /break-up, and melting of on land and sea ice. Monitoring the ice conditions in lakes and 
rivers during a winter season is critical for the safety of people living in those regions. Infrared cameras 
equipped with microbolometer sensors, placed near lakes and rivers during winter, captures and send 
those thermal images wirelessly to a server, where image processing and analysis algorithms measure the 
ice conditions in real-time. This study presents results from an ice classification system using captured ice 
images. 
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1. Introduction:
Up to 50 percent of the northern hemisphere land surface is covered by snow during winter. Snow makes 
up a significant fraction of the water available for agriculture and water supply in many semi-arid regions 
of the world where changes in snow cover conditions can have serious economic and social impacts. 
Hence, regular monitoring of snow conditions (extent, depth and water equivalent) has been identified as 
a high priority for global climate monitoring. Other uses of winter ice conditions range from winter 
recreations, highway and railway maintenance and avalanche hazard mitigation, to the study of wildlife 
migration and breeding patterns, and the management of domestic livestock during snow disasters. 
 
Snow depth is an important property influencing surface irradiative exchange and heat transfer. It affects 
frozen ground permafrost distribution and moisture recharge. A typical physical lake process is the timing 
of lake ice breakup. It has been of interest for centuries because of its importance for transportation 
(called ice roads), fishing and other winter outdoor recreational activities. Air temperature is the key 
variable determining the timing of ice breakup. Consequently, the warmer the winter, earlier is the 
breakup of ice. Analyzing historical trends in lake and river ice cover [1] in the northern hemisphere 
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reveals that an air temperature increase of about 1.2°C during the past 100 years has caused the ice to 
breakup an average 6.3 days earlier on average. These trends toward earlier ice breakup due to warmer air 
temperatures are not safe for winter recreational activities and transportation. Hence, monitoring the ice 
condition in real-time is critical for the safety of people engaged in the above activities. Often safety 
guidelines are developed around ice thickness. 
Fig.1 shows some  recommended minimum ice 
thickness for safety considerations. 
In the past decades, the growing importance of the 
climate change issue has prompted new 
requirements for snow cover information over a 
wide range of spatial and temporal scales for 
climate change detection, for development of snow 
process models, and for validation activities. 
Validation of multi-layer physical snowpack 
models requires detailed information on snowpack 
structure, surface albedo (reflectivity), temperature 
profiles, snowmelt and surface energy fluxes.                                                                                            
                                                                                    Fig 1: Taken from Manitoba Natural Resources dept. 
 The inclusion of small-scale processes such as canopy interception and sublimation in physical snow 
cover models [ 2 ] has prompted for additional information on the mass of snow intercepted and stored in 
the vegetation canopy. At a larger scale, land surface process and hydrological models require 
information on the spatial distribution of snow cover properties to develop and validate methods and 
approaches to take account of subgrid scale variations in snow with terrain and vegetation cover. At even 
larger scales, global climate models (GCMs) have generated new requirements for information on the 
global distribution of snow cover and water equivalent at monthly and climatologically-averaged time-
scales for validating snow cover simulations. Hence, for systematic collection of information on snow 
accumulation (snowfall, precipitation, precipitation type, ice conditions) requires the development of new 
sensor technology and methods for snow/ice data collection and interpretation. In this paper, the analysis 
and interpretation of ice conditions from thermal images captured using infrared microbolometer sensors 
is described.  
2. Infrard microbolometer sensors 
Emergence of a new generation of infrared sensors using the microbolometer technology has opened 
many avenues in low cost infrared imaging applications [3,4,5]. The emitted radiation of a black body 
with a temperature of 300 K has an intensity peak at a wavelength of about 10 ȝm. The radiation flux 
from real objects varies, depending on the emissivity of the surface of the object. Bolometers absorb the 
incident radiation and cause the thermally isolated bolometer membrane to increase its temperature. The 
temperature change correlates to the energy of the absorbed radiation and is measured by a change of the 
electrical resistance of the bolometer thermistor material. For microbolometers, a temperature increase of 
1 K in the object typically results in a temperature increase in the bolometer membrane on the order of 4 
mK [3]. 
 
The infrared thermal detection mechanism is best suited to operate at ambient temperature. Infrared 
sensors intrinsically offer large advantages in comparison to alternative sensors working in a visible 
spectrum or in the millimeter wavelength range such as the radars do. The radar systems typically have 
poor resolution because of their long wavelength. Consequently radar systems give limited information 
regarding the object studied in comparison to infrared imaging.   Also, a normal vision camera exhibits 
poor efficiency in bad weather conditions such as snow fall, where as an infrared vision enhances the 
range of visibility during night and bad weather conditions. 
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3. Snow measurements: 
The snow-cover in general, is the accumulation of snow on the ground. Snow-cover-extent is the total land 
area covered by some amount of snow, typically reported in square kilometres. Snow-cover-depth is the 
combined total depth of both old and new snow on the ground, typically reported in centimetres. Snow-
water-equivalent (SWE) is the water content obtained from melting snow typically reported in 
millimetres. Snow-cover-duration is a value typically expressed as number of days of continuous, 
uninterrupted, snow cover at a given location for a given winter season, and sometimes simply as the 
number of days in total that snow existed on the ground in a given location, whether continuous or not. 
Measurements of the spatial distribution of SWE can be given in units of kg m-2. The conversion from a 
mass of snow (kg m-2) to a depth of water (mm) is based on the fact that 1 mm of water spread over an 
area of 1 m2 weighs 1 kg. Snow-cover information is important for a wide variety of scientific studies, 
water supply and management applications. The NASA Earth Observing System (EOS) Moderate 
Resolution Imaging Spectroradiometer (MODIS) provides improved capabilities to observe snow cover 
from space and has been successfully using a normalized difference snow index (NDSI), along with 
threshold tests, to provide global, automated binary maps of snow cover [6]. The NDSI is a spectral band 
ratio that takes advantage of the spectral differences of snow in short-wave infrared and visible MODIS 
spectral bands to identify snow versus other features in a scene. This study has evaluated whether there is 
a ‘‘signal’’ in the NDSI that could be used to estimate the fraction of snow within a 500 m MODIS pixel 
and thereby enhance the use of the NDSI approach in monitoring snow cover. Using Landsat 30-m 
observations as ‘‘ground truth,’’ the percentage of snow cover is calculated for 500- m cells. Then a 
regression relationship between 500-m NDSI observations and fractional snow cover has been developed 
over three different snow covered regions and tested over other areas. The overall results indicate that the 
relationship between fractional snow cover and NDSI is reasonably robust when applied locally and over 
large areas like North America.  
 
3.1 Measurement methods of snow cover 
Manual measurement of snow cover is made either by inserting a ruler or graduated probe, or by 
observing snow height on fixed markers. Ice chisel, spud-bar, drill and ice Auger are some of the other 
measuring instruments used either hand-powered or by electric power to check ice thickness. Care should 
be taken when using fixed markers to avoid errors because of local melt or snow drift around the marker. 
Sighting along the snow surface a few metres from the marker can make this error small. Ice is seldom the 
same thickness over a single body of water. It can be two feet thick at one place and one inch thick a few 
yards away due to currents, springs, rotting vegetation or school of rough fish. It is necessary to check the 
ice thickness at least every 150 feet, especially early in season or in weather conditions when the 
temperature is well above the normal seasonal temperature such as those in recent warm winter 
conditions. In the case of measurements of snow depth from aircraft, visual readings of snow stakes may 
be supplemented by large-scale photographs of the snow stakes, which make the readings less subjective. 
4.Related work 
A number of in situ and remote sensing measurement methods are available in [7]. A complete 
description of measurement methods, including respective advantages and limitations are also given in 
[7]. Automatic recording of snow depth can be made with ultrasonic techniques. The distance from the 
sensor to the snow surface is determined from the time required by an emitted signal to be reflected and 
received by the sensor. Complementary air-temperature measurements are required to compensate for 
temperature dependent variations in the speed of sound in air. Anomalous results may occur during falling 
or blowing snow conditions since the sensor cannot distinguish low density new fallen snow from air [6]. 
The ultrasonic snow-depth technique seems well suited for unattended, continuous and long term 
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measurements. Normal measurement range is 1.6 to 32.8 ft (0.5 to 10 m). It is capable of an accuracy of 
±0.4” (1 cm) or 0.4% of distance to target whichever is greatest [6,7]. Satellite remote sensing provides 
the opportunity to monitor and evaluate various snow parameters and processes at regional to global 
scales. Due to the ability to penetrate most clouds, these devices can provide data during darkness, and to 
provide a measure of snow depth or SWE from snow measurements based on optical data alone. Details 
on current satellite measurement techniques can be found in [7].  
Manual observations and automatic snow depth sensors, are now being deployed at an increasing number 
of sites in North America [ 8, 9, 10, 11]. Snow depth is measured at least once daily at many weather 
stations throughout the world, but these data are not always reported over the Global Telecommunications 
System (GTS). There are about 7000 land stations in the GTS reports. Measurements of snow cover depth 
over extended areas together with an established local correlation with density can possibly approximate 
the SWE of the snow cover. However these measurement guides may not be useful for a local community 
or city officials who are in charge of the safety of the population in their region, for monitoring the ice 
conditions of lakes, recreational parks and rivers. 
 
5.Thermal imaging for analysis of ice conditions 
In this study, hand-held FLIR T640 camera is used to capture thermal images of ice conditions. The 
device has a thermal sensitivity of 0.04C and pixel pitch of 25 ȝm. The operational temperature range is 
from – 40C to 2000C.  The waveband used is long wave infra red of spectral range is from 7.5 ȝm – 13 
ȝm and NETD < 50 mK. The camera has Wi-Fi connectivity to capture and send pictures in real-time to a 
phone or to a computer for analysis. The temperature at various locations are generated from the thermal 
images using FLIR reporter software. 
5.1Model development 
The snow surface temperatures are used to map snow cover at subpixel resolution. The radiance 
measurements are corrected for variations in the emissivity of snow and for atmospheric attenuation. The 
emissivity İ of solid ice is 0.98 and that of snow varies from 0.969 to 0.997. The images here are captured 
by setting the emissivity at 0.95.  
The model uses a two layer snowpack medium made up of a thin snow surface and a thick deeper ice 
layer. The thermal energy exchange between the atmosphere and the snowpack occurs only with the 
surface layer. The energy balance of the surface layer is given by [12 ]:  
ȡ C (dWTs/dt) = Q          (1) 
where ȡ is the density of water, C is the specific heat of ice, W is the water equivalent and Ts is the 
temperature of the surface layer.  
 
The density of water at room temperature (20°C) is 1 g/cm3 or 1000 kg/m3. Water after freezing, expands 
increasing its volume by 9%. The quantity of heat required to raise the temperature of a substance by one 
degree Celsius is called the specific heat capacity of the substance. The quantity of heat is frequently 
measured in units of Joules (J). Another property of the specific heat, is the heat capacity of the substance 
per gram of the substance. The specific heat of water is 4.18 J/g° C and ice is 2.30 J/g°. 
 
The amount of heat energy gained or lost by a substance is given by: 
q = m x C x (Tf - Ti)         (2) 
q = amount of heat energy gained or lost by ice  
m = mass of sample  
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C = heat capacity (J oC-1 g-1 or J K-1 g-1) 
Tf = final temperature 
Ti = initial temperature  
 
Q in equation (1) is the total energy due to radiation, heat flux and energy affected by rain or snow or 
snow melt. The total energy available for refreezing liquid water or melting the snowpack over a given 
time depends on the net energy exchange at the snow surface. If the net energy is negative, then the 
energy is being lost by the pack, and liquid water if present is refrozen. If the net energy is positive, then 
the excess energy available after the cold content has been satisfied, produces snowmelt [13, 14, 15]. 
 
5.1 Observation site 
The thermal images are collected from the Saint John region in New Brunswick, Canada during the 
winter 2012. The three locations selected for this study are: Lilly Lake (which is a spring lake), Rentforth 
lake and the Saint John river plane near the University of New Brunswick (UNB) Saint John campus. The 
2012 winter being much warmer than many previous winters, many fluctuations in temperature, ranging 
from very small minus range to above seasonal warmer temperature were observed. This condition was 
conducive to this study since the observed ice conditions can have large variations in a short period of 
time. The observations were made during the middle of winter, which is the month of February in 2012. 
The thermal image report produces the surface temperature for identifying the ice condition. 
Table 1. Shows some of the thermal images taken from the observation sites. Using the FLIR reporting 
software, small and large areas are selected on the images to get the maximum temperature in the selected 
area. A1, A2,A3 etc are some of the areas selected to measure the temperature. The Emissivity was kept 
at 0.95; Reflected Apparent Temperature 20.0°C; Atmospheric Temperature 20.0 °C; and the Object 
Distance 1.0m 
Table 1: Thermal images and their temperature ranges along with observed ice condition. 
Thermal images of ice conditions: Observed temperatures Q Observed 
Ice 
condition 
Ar1
Sp1
Ar2
-20.8
14.5 °C
-20
-15
-10
-5
0
5
10
 
a. A tree with snow on ground at UNB 
Ar1 Max. Temperature 19.4 °C 
Ar2 Max. Temperature – 4.1 °C 
Ar3 Max. Temperature -4.2 °C 
Sp1 Temperature -6.1 °C 
 
 
 
Negat
ive 
 
 
Soft snow 
 
<5inch 
-7.7
8.1 °C
-6
-4
-2
0
2
4
6
8
b. Ice hockey on Lily lake 
*Ar1 Max. Temperature 19.4°C 
Ar2 Max. Temperature – 4.1°C 
Ar3 Max. Temperature -4.2°C 
Sp1 Temperature -6.1 °C 
*The high temperature in Ar1 is 
due to the players’ body 
temperature 
 
 
 
Negat
ive 
 
 
Frozen 
 
>8inch 
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-8.4
-3.1 °C
-8
-7
-6
-5
-4
Ice condition on Lilly lake 
Ar1 Max. Temperature -3.0 °C 
Ar2 Max. Temperature –3.4 °C 
Ar3 Max. Temperature - 7.4 °C 
Sp1 Temperature -4.9 °C 
 
 
 
Negat
ive 
 
 
Frozen 
 
>8inch 
Ar1
Sp1
Ar2
Ar3
-29.9
-1.0 °C
-25
-20
-15
-10
-5
 
c. Ice fishing on Rentforth lake 
Ar1 Max. Temperature -2.1 °C 
Ar2 Max. Temperature – 6.6 °C 
Ar3 Max. Temperature - 7.0 °C 
Sp1 Temperature -6.5 °C 
 
 
 
Negat
ive 
 
 
Frozen 
 
>10 inch 
Ar1
Sp1
Ar2
-25.5
-3.9 °C
-24
-22
-20
-18
-16
-14
-12
-10
-8
-6
-4
 
d. Saint John River 
 
 
Ar1 Max. Temperature -6.1 °C 
Ar2 Max. Temperature – 6.8 °C 
Sp1 Temperature -6.5 °C 
 
 
 
Negat
ive 
 
 
Melting 
 
 
-7.9
8.1 °C
-6
-4
-2
0
2
4
6
8
Skating on Lilly lake 
*Ar1 Max. Temperature 16.5 °C 
Sp1 Temperature - 5.7 °C 
 
*The high temperature in Ar1 is 
due to the players’ body 
temperature 
 
 
 
Negat
ive 
 
 
Frozen 
>8 inch 
Ar1
Sp1
Ar2
-37.9
-2.0 °C
-35
-30
-25
-20
-15
-10
-5
A dog playing on Rentforth lake 
Ar1 Max. Temperature - 14.9°C 
Ar2 Max. Temperature – 6.7 °C 
Sp1 Temperature -6.9 °C 
 
 
 
Negat
ive 
 
 
Frozen 
 
>10 inch 
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-9.4
5.3 °C
-8
-6
-4
-2
0
2
4
Ice fishing tents on Rentforth lake 
 
Ar1 Max. Temperature 10.2 °C 
Ar2 Max. Temperature – 6.3 °C 
Ar3 Max. Temperature – 6.7 °C 
Sp1 Temperature – 7.8 °C 
 
 
 
Negat
ive 
 
 
Frozen 
 
>10 inch 
The thermal images are further studied for efficient ice classification using image analysis algorithms. In 
the following section, we describe the identification of suitable filters for de-noising the captured images 
and their suitability for image analysis of both normal images and thermal images. 
 
6 Infrared image analysis 
In this study, non linear filters such as Median filter, adaptive median filter, relaxed median filter, 
decision based Median filter and untrimmed decision based median filters are considered. They are easy 
to implement and the goal is to find if they produce good results for infrared images. Identifying the noise 
type is the first phase in image processing for de-noising. Once the type of noise is identified, respective 
filters can be applied for de-noising, so that it enhances the image quality and helps in future steps of 
image processing.  
 
 
 
                Fig.2. Results of image analysis of both thermal and normal camera images 
Here, the images are de-noised using a 3×3 window. If the processing pixel value is 0 or 255 it is 
processed or else it is left unchanged [16, 17].  The ice images captured with FLIR T640 IR camera from 
the observation site are analysed. The size of the images are 640 x 480 (307,200 pixels) for greater 
accuracy and readability for longer range distances. Though FLIR T640 IR camera has the capability to 
capture images with the temperature ranging from -40°C to +2000°C, our methodology uses infrared 
images in the temperature range from -240C to 90C.  
K-Means is used to cluster the coarse image data. The same pixel values are grouped together. Each 
clustered group pixels is given individual color representation. The color representation exhibits the ice 
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cover in the image and the ice conditions are classified accordingly with the change in algorithm 
parameters. The algorithm is tested for normal vision images and infrared images shown in Fig2. The 
images are filtered using the above filters and evaluated for signal content.  Peak Signal-to-Noise Ratio 
(PSNR) is the ratio between the reference signal and the distortion signal in an image, given in decibels. 
The higher the PSNR, the closer the distorted image is to the original. The results of the filtered Infrared 
images using median filter, relaxed median filter, adaptive median filter, decision based median filter and 
untrimmed decision based median filter individually are presented in another paper.  
7 Conclusion 
 
In spite of the importance of snow cover and ice conditions monitoring, the snow cover data collected 
even within one country by several agencies with different goals are not coordinated, with the result the 
information gathered by these agencies is not communicated to the local community for taking immediate 
safety precautions while engaged in outdoor activities. This study has presented some results for a low 
cost automated ice condition monitoring system. The image capture, processing and analysis of infrared 
images can measure the ice conditions efficiently in real-time and publish the ice conditions of 
lakes/rivers/recreational facilities through a mobile/smartphone application for use by a local community. 
These conditions can be checked online by phones or from web before venturing into these lakes and 
rivers. The images presented are taken in a short period of time (a week) during the mid winter of 2012 
and hence we could not measure ice melting conditions. In future, images will be recorded automatically 
over an entire winter season and for many years to validate the model’s accuracy. In the long run, these 
data can support the study of the climatic changes and its consequences on agriculture and land.  
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